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When kangaroo populations reach high numbers in reserves and parkland near urban areas there are a number of implications. The animals may pose a risk to their own welfare as the population expands, have a negative effect on other aspects of the local biodiversity or impinge on human activities. In such cases active management of the population may be sought to ameliorate the negative effects. Traditional control techniques such as culling are often out of the question in these circumstances due to social pressures and concerns for human safety. In this paper I review three fertility control techniques that are potential management tools for these situations. Surgical sterilisation is a fertility control technique that has been used in a number of high profile situations. It is probably the most well established method of fertility control, is permanent, but is invasive and stressful. New biotechnological approaches to fertility control, such as the use of steroidal and non-steroidal contraceptives, are currently being trialled on kangaroos. These include the synthetic progestin levonorgestrel and the GnRH agonist deslorelin. These contraceptive agents are capable of successfully reducing the fertility of kangaroos for a range of durations depending on the agent used. Such contraceptive agents are likely to be a useful tool to manage both captive kangaroo populations and those in parkland areas. The development of a remote delivery technique will increase their efficacy for use in wild populations.
Key words: kangaroo, marsupial, fertility control, progestin, GnRH agonist, management, contraception C. Adderton Herbert. Australasian Fauna Laboratories, Department of Biological Sciences, Macquarie University, NSW 2109, Australia. Email: cherbert@rna.bio.mq.edu.au. IN recent years there has been increasing attention to the challenges of managing overabundant native species (Coulson 1998; Garrott et al. 1993) . The management of such species is often largely influenced by social and political factors (Coulson 1998) . This is particularly true of populations in nature reserves and those in close proximity to urban areas where lethal techniques often have little public support and where culling via shooting may be logistically impossible. Further conflict also arises because it is very difficult to define the term 'overabundance'. It is largely defined by human interests and as such it tends to involve subjective, value-laden judgements, something which is probably inevitable in any conservation issue (Garrott et al. 1993) . This results in the propensity to cause conflict between different sections of the community with different values, particularly when lethal techniques are advocated as the management option of choice.
The realisation of a changing social ethic towards the management of native species has resulted in research and development of new technologies to manage populations by controlling their fertility. This has been the case with kangaroo populations in Australia, particularly those occupying parkland near urban areas. This situation is not unique. Parallels can be drawn to the management of white-tailed deer (Odocoileus virginianus) in urban and park settings throughout the USA (White et al. 1994 ) and the management of African elephants (Loxodonta africana) (Brown and Jochle 2001) . The aim of this paper is to review a range of potential fertility control options that are currently being trialled on kangaroos and to discuss their likely efficacy in field situations. Emphasis is placed on techniques aimed at controlling kangaroo populations in areas where culling is precluded on the basis of logistics or social pressures, such as National Parks and reserves near urban areas. For the purposes of this paper such areas 68 will be loosely termed 'parkland'.
KANGAROO MANAGEMENT
Kangaroo populations can reach high densities in both rural and urban areas where pasture or crops are adjacent to patches of woodland or forest (Coulson et al. 1999) . In such circumstances active human intervention may be sought to reduce the population size and thereby reduce the negative effects.
The moral justification for controlling overabundant wildlife populations is often posed in terms of ecosystem conservation and individual welfare (Tuyttens and Macdonald 1998) . In the case of kangaroos justification is derived from: 1. animal welfare considerations, e.g. kangaroos starving during drought (A.C.T. Kangaroo Advisory Committee 1997). 2. adverse environmental impacts, e.g., soil erosion or reduced biodiversity (Neave and Tanton 1989; Cheal 1986) . 3. adverse impacts on agriculture (Arnold et al. 1989) or other human activities (A.C.T. Kangaroo Advisory Committee 1997). 4. welfare and safety concerns due to collisions with vehicles (Coulson 1982) . The ultimate aims of kangaroo management differ from those related to introduced 'pest' species. Management programs do not aim to eradicate the species but to reduce the population to a size that ameliorates their negative impact.
The kangaroo management challenge
Kangaroo management can be a contentious issue for wildlife managers. Their status as a highly valued native species and an important national and tourism icon places social constraints on our management of them (Coulson 1998) . Although culling is still used as a standard management technique in rural areas, its use is often unacceptable in parkland areas due to vocal public opposition and safety concerns. As such, rural environments and parkland represent two very different management environments, with different management tools required in each situation.
Managing kangaroos in parkland areas
There are a number of instances where kangaroo populations have become overabundant in parkland areas resulting in the need for active management to reduce the negative effects (Table 1 ). The majority of these populations consist predominantly of eastern grey kangaroos (Macropus giganteus). This large kangaroo species is widely distributed on the east coast of Australia in close proximity to human settlement. These parkland areas typically provide suitable habitat, plentiful food and water and are usually fenced, thereby conferring a degree of protection from predators. The fencing of these areas also means that there is nowhere for the increasing populations to disperse. Under such circumstances kangaroo populations can swell in the matter of a decade, often starting from a very small population size, as was the case at Government House in Canberra and Woodlands in Victoria (Coulson 1998 (Coulson , 2001a .
The proximity to urban areas makes any management operations in these areas highly visible to the public and therefore subject to a large degree of scrutiny. Management agendas for these populations can be an emotional issue for members of the public, even when the species to be managed are not native to the area, for example red kangaroos (Macropus rufus) at the St Marys site in western Sydney. Although in many cases we are not talking about large numbers of animals (in relation to culling operations in rural areas), these situations are highly visible and have the potential to greatly affect public perception of wildlife managers and authorities.
Managing kangaroos in captivity
Kangaroos and wallabies are held in large numbers in captivity in wildlife parks and zoos throughout the world. Under these conditions, where there is an assurance of food and protection from predators, these animals tend to survive for long periods and breed extremely well. This results in management issues over the control of numbers to avoid overcrowding, over-grazing and accumulation of waste (A.C.T. Kangaroo Advisory Committee 1997).
KANGAROO REPRODUCTION
All kangaroos and wallabies are monovular and polyoestrous. Most species will mate and ovulate within one to ten days of birth and the resulting conceptus will not develop past the stage of a unilaminar blastocyst of less than 100 cells. Instead it is maintained in embryonic diapause until reactivation towards the end of pouch life, presumably as the intensity of suckling declines (Tyndale-Biscoe and Renfree 1987). Among the large kangaroos there are two exceptions to this generalised pattern of reproduction. M. giganteus and western grey kangaroos (Macropus fuliginosus) do not mate soon after birth. M. giganteus may mate again during the second half of lactation and the resultant embryo will be held in diapause. This usually occurs when the young occupying the pouch is more than 180 days old. The incidence of embryonic diapause in M. giganteus is thought to be dependent on environmental and nutritional conditions (Poole 1973 (Poole , 1983 . M. fuliginosus does not exhibit embryonic diapause, but the mean interval 70 between births in the two species does not differ significantly (Poole 1975) .
FERTILITY CONTROL AS A MANAGEMENT TOOL
The use of fertility control is often advocated to control overabundant wildlife populations because it is viewed as more humane and ethical to prevent births via fertility control rather than to later expend resources to capture and/or kill them (Oogjes 1997). The usefulness of a fertility control agent depends on several factors including the duration of effect; ease of delivery and ability to recognize previously treated individuals; cost; and absence of harmful effects on target or non-target species (DeNicola et al. 1997 ).
There are a number of fertility control options. These include more established techniques such as surgical sterilisation, and more recently the use of biotechnological products including hormonal and immuno-contraceptives. Immunocontraception is reviewed elsewhere (Cooper and Herbert 2001; Cooper 2004 ) and will not be dealt with in this paper.
Hormonal contraceptives can be divided into steroidal and non-steroidal agents. This review will focus on two contraceptives that are currently being trialled on kangaroos, the non-steroidal GnRH agonists and the synthetic progestins.
GnRH agonists
Non-steroidal contraceptive agents include analogues of gonadotrophin releasing hormone (GnRH). GnRH is a decapeptide that is naturally produced and secreted by the hypothalamus and is the principle hormone governing reproductive function in both males and females. At the level of the pituitary it stimulates the synthesis and release of follicle stimulating hormone (FSH) and luteinizing hormone (LH). These two hormones are essential for spermatogenesis in males, ovulation in females and the production of gonadal steroids in both sexes. GnRH agonists are peptides that are similar to GnRH but are much more potent. When they are administered continuously the result is a down regulation of pituitary GnRH receptors and a subsequent decline in the concentration of LH and FSH. The end point of these changes is a decline in the production of gonadal steroids, inhibition of follicular development and ovulation in females, and inhibition of spermatogenesis in males (Fraser 1993).
GnRH agonists have been shown to reversibly inhibit reproduction in both sexes of many species including humans (Homo sapiens, Nillius et al. 1978) , dogs (Canis (lupus) familiaris, McRae et al. 1985; Vickery et al. 1985; Trigg et al. 2001) and sheep (Ovis aries, Lincoln et al. 1986; McNeilly and Fraser 1987) . Although much of the early work on the use of these compounds as contraceptives was conducted in the 1970s and 1980s they have only recently been tested on a wide range of wildlife species including kangaroos and wallabies (Macropus spp., Herbert 2002; Herbert et al. 2004) , koalas (Phascolartos cinereus, Herbert, Webley and Cooper, unpubl. data), deer (Cervus spp., Baker et al. 2002; Webley et al. 2002) , L. africana (Brown and Jochle 2001) , Hawaiian monk seals (Monachus schauinslandi, Atkinson et al. 1998) , and a range of exotic carnivores (Bertschinger et al. 2001) . This is largely due to the fact that a long-acting formulation has only recently become available making it more efficacious to administer to wildlife populations.
Slow release GnRH agonist implants are small in size (e.g., 1.5 x 2.3 mm) and administered by a simple subcutaneous injection following animal capture. Recent advances in slow release technology ) mean that contraception may be effective for one to two years in a variety of species such as female lions (Panthera leo) and male African wild dogs (Lycaon pictus) in which contraception was effective for 12 -18 months and 12 months respectively (Bertschinger et al. 2001) . There is some evidence to suggest that the duration of action is dose-dependent . Therefore a longer duration of contraception may be obtained following dose-response studies.
Slow release implants containing the GnRH agonist, deslorelin (Peptech Animal Health Pty. Ltd., North Ryde, Australia), are currently being trialled on M. giganteus, tammar wallabies (M. eugenii) and a range of other small macropodids. Results to date indicate that this is a promising contraceptive for female macropodids, with a duration of effect of at least 1 year (Herbert et al. 2004 ). Administration does not affect birth of a dormant blastocyst and subsequent lactation (Herbert et al. 2004) making it humane to administer to females in any reproductive state, as has been demonstrated in bitches . Although GnRH agonists have the potential to inhibit male fertility, the efficacy of this as a management strategy in a polyoestrous species such as the kangaroo is debatable. This is discussed further in the section titled 'Surgical sterilisation'. So far there have been no significant undesirable side effects documented following long-term contraception using GnRH agonists. However, as this form of contraception works by reducing the concentration of gonadal steroids, resultant changes in behaviour, particularly sexual behaviour and dominance hierarchies, may be likely. This may not be desirable in wildlife populations where dominance may confer greater access to resources within the environment (Tuyttens and Macdonald 1998) . The 71 extent to which any behavioural changes will affect the welfare of individuals will be dependent on the social structure of the species in question. There have been limited studies on the behavioural effects of GnRH agonists in some wildlife species, including wapiti and a range of exotic carnivores, and these studies have not identified any significant behavioural side-effects (Bertschinger et al. 2001; Baker et al. 2002) .
Synthetic progestins
Synthetic progestins are the most common form of steroidal contraception used in zoos because of their efficiency and relatively low cost (Dutton and Allchurch 1998) . They have several modes of action. They reduce the concentration of LH and FSH, thereby inhibiting follicular development and ovulation in many instances. If ovulation does occur, changes to the cervical mucous make it impenetrable to spermatozoa, and interference with the development of the endometrium inhibits implantation (Segal et al. 1991; Sivin 1994) .
Synthetic progestins are usually administered in the form of silastic implants. Examples include levonorgestrel (Norplant) and norgestomet. Minor surgery under local anaesthetic is often required to administer the contraceptive (e.g., M. eugenii, Nave et al. 2000) , although there is a published report of remote delivery using 'biobullet' technology (O. virginianus, DeNicola et al. 1997) . Contraceptive success has been close to 100% in a number of wildlife species including M. eugenii (Nave et al. 2000) , M. giganteus , P. cinereus (Middleton et al. 2003) and O. virginianus once the appropriate dose had been determined (DeNicola et al. 1997 ).
Trials of levonorgestrel on M. eugenii have found that this is a reversible form of contraception that inhibits reproduction for at least 36 months. It has no effect on lactation, or on pregnancy and birth of an already conceived blastocyst, but inhibited any subsequent mating (Nave et al. 2000) . Levonorgestrel implants have a duration of effect of at least five years in H. sapiens (Segal et al. 1991) giving some indication of the potential longevity of the implant in other species.
Field trials on M. giganteus are underway at two locations in Victoria, Portland Aluminium and Woodlands (Table 1) . During the trials at Portland Aluminium, 87.5% of control females (7 out of 8) bred in the first year, while only 17.6% of treated females (3 out of 18) bred that same year Poiani et al. 2002) . These three young were probably conceived before insertion of the implant, therefore demonstrating that the contraceptive does not have an effect on pregnancy and birth Poiani et al. 2002) , as was the case with M. eugenii (Nave et al. 2000) . In the second year after treatment, none of the treated animals bred . Treatment with levonorgestrel in these animals was found to have little effect on behaviour, with the only significant difference being that control females spent more time feeding in open paddocks. This was presumably due to the extra energy expenditure required to raise offspring .
A number of negative effects have been documented with the use of synthetic progestins. These include pathology of the reproductive tract and metabolic changes (Dutton and Allchurch 1998) . The occurrence of these adverse effects appears to vary between species, with exotic felids being particularly susceptible (Linnehan and Edwards 1991; Raphael et al. 1990) . The extent to which kangaroos may be prone to these negative effects is unknown. This deserves further investigation before wide-scale use of synthetic progestins is advocated to control kangaroo populations.
Surgical sterilisation
Surgical sterilisation has become a popular technique to control the fertility of overabundant native species. Sterilisation may involve either total removal of the gonads (castration or ovariectomy in males and females respectively) or alternatively cutting both vas deferens in males (vasectomy) or tying off both oviducts in females (tubal ligation). The advantage of the latter two methods is that they minimise the effects on social behaviour (Tuyttens and Macdonald 1998) due to the maintenance of gonadal steroid production.
Surgical sterilisation has the advantage that it is a readily available technique, whereas many other fertility control techniques are currently in the research and development phase. However, it is an expensive and invasive technique that would be difficult to deliver to large wild populations. Surgery is irreversible, which may not be desirable in a native species such as kangaroos depending on local population parameters such as the genetic diversity, and there are the associated risks of anaesthesia and post-surgical infection (Tuyttens and Macdonald 1998) .
One of the most widely publicised cases in Australia has been the wide-scale sterilisation of P. cinereus on Kangaroo Island, South Australia, via tubal ligation (Berden et al. 2002) . Vasectomy has been used in a number of cases to control small populations of kangaroos and wallabies (Table 1) . The results of these control operations have varied. In the case of control operations at Corranderrk, the limited number of vasectomies resulted in a small and possibly unsubstantial decline in the population of M. giganteus. This coincided with a dramatic increase in the abundance of swamp wallabies (Wallabia bicolor), a proportion of which had also been vasectomised (Coulson 1998) . Although only a small trial, the failure of vasectomy operations at Coranderrk demonstrates the difficulty of targeting male fertility in polyoestrous species, such as macropodids. Similarly, Garrott and Siniff (1992) reported that reproduction was not affected as severely as expected when targeting male fertility (via vasectomy) in feral horses (Equus caballus). Even though E. caballus exhibit a year round harem structure consisting of a dominant stallion and numerous mares, the polyoestrous nature of the mares meant that the females would continue cycling for extended periods, giving other males the opportunity to mate.
In the case of Government House the M. giganteus population was initially reduced by euthanasia which was then followed by fertility control, in particular vasectomy of remaining males (Coulson 1998) . With the small size of the remaining population all males could be captured and sterilised aiding the success of an operation of this type. However, the occurrence of immigration (Coulson 1998) means that monitoring and further control will be necessary. This highlights the potential consequences of immigration on a control operation if the population is not closed.
MANAGEMENT

OBJECTIVES AND MONITORING CONTROL OPERATIONS
The decision of whether kangaroo population control is necessary in a parkland area should be based on clear management goals for the particular area. If display of kangaroos to the public is the goal, higher numbers may be tolerable. However, if conservation of vegetation or other aspects of biodiversity is paramount, a reduction of numbers may be necessary (Neave and Tanton 1989) . Before control operations take place there should be clearly stated management goals for the parkland, stated in a way that allows quantitative measurement of management outcomes in the context of stated goals. Measurable conservation goals have rarely been specified and even more rarely been evaluated and reported (Coulson 1998) . This makes it extremely difficult to evaluate the success of kangaroo management programs and limits the availability of such information to other agencies that may be facing similar management challenges.
CONCLUDING REMARKS
Surgical sterilisation, the synthetic progestin levonorgestrel and the GnRH agonist deslorelin have all been shown to suppress the fertility of kangaroos and wallabies. The main difference between the three methods at this point in time appears to be the duration of effect, with surgical sterilisation being permanent, and levonorgestrel and deslorelin forecast to be effective for approximately 3-5 and 1-2 years, respectively, with current technologies. While levonorgestrel has a longer effect than deslorelin there may be greater potential for negative side effects with this form of contraception. The duration of effect of contraceptive agents is still under investigation and will need to be factored in to any cost-benefit analysis of future control operations in parkland areas. The permanent nature of surgical sterilisation may or may not be an advantage depending on local parameters at each individual management site but is more invasive than contraceptive techniques.
The main disadvantage with all three methods at this point in time is the need to physically catch the animals to apply treatment. Capturing kangaroos in the wild is stressful to the animals with the potential for injuries and is an expensive practice. However, there is no reason to believe that remote delivery of contraceptives will not be possible at some stage in the future, as demonstrated by DeNicola et al. (1996) .
There is no one ideal fertility control agent as each management situation is unique. Thus, a variety of solutions may be required. The fertility control method and associated delivery mechanism of choice may vary according to the reason for control; degree, urgency and duration of control; socio-political factors; and site-specific ecological parameters of the population (Tuyttens and Macdonald 1998) . A shortterm reversible contraceptive may be desirable in cases where the genetic diversity of a population needs to be maintained through all animals having the opportunity to breed at some stage during their reproductive life (Garrott 1995). However, shortlived agents may not have the desired effects where long-term population management is required and in these cases a longer acting or permanent form of control may be required.
With current technologies, practical application of contraceptive technologies and large scale sterilisation are likely to be restricted to particular situations where lethal control techniques are difficult or impossible to implement due to social pressures and concerns for human safety, and where there is adequate financial and personnel resources to support such an operation (Garrott 1995).
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